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I.  0BJECT1VKS 


The  objectives  of  this  program  are  as  follows: 

•  Investigate  commercial ly-available  Ruilt-ln  Test  Equipment  (BITE)  for 
monitoring  engine  oil  condition  and  engine  induction  air  for  dirt. 

•  Provide  technical  support  for  procurement,  laboratory  evaluation,  and 

analysis  of  commercial  OIL  BITE  and  AIR  BITE  devices  to  determine  units 
suitable  for  field  test  evaluation. 

•  Provide  technical  support  and  planning  for  field  analysis  of  BITE  de¬ 

vices. 

•  Provide  necessary  data  to  determine  effectiveness  of  BITE  devices,  ap¬ 

proximate  cost,  and  economic  justification. 

•  Provide  a  report  including  all  data,  specifications,  and  engineering 

drawings  required  for  the  preparation  of  a  procurement  package  for  those 
BITE  devices  which  prove  effective. 

II.  APPROACH 

The  program  consists  of  two  BITE  areas,  OIL  BITE  and  AIR  BITE.  OIL  RITE  is 
concerned  with  oil  viscosity  monitoring,  oil  acidity  and  oil  metallic  content. 
The  purpose  of  OIL  BITE  is  to  Indicate  when  the  lubricating  oil  has  ceased  to 
function  as  a  good  lubricant  or  has  become  contaminated  beyond  safe  operating 
limits.  This  on-board  indication  to  change  oil  or  service  the  engine  could 
save  critical  losses  of  operational  equipment. 

The  AIR  RITE  will  indicate  when  the  air  induced  to  the  engine  itself  is  con¬ 
taminated  with  solid  particulate  matter  such  as  dirt.  Such  an  indication 
would  reveal  that  the  air  induction  and  filtering  system  is  not  functioning 
properly  and  that  continued  operation  under  such  conditions  could  damage  the 
engine. 


III.  PROGRAM  SCHEDULE 


In  order  to  achieve  the  objectives  of  the  RITE  program,  the  program  schedule 
was  established  and  Is  shown  In  Table  1. 


TARl.F.  I.  PROGRAM  SCHEDULE  FOR  RITE 


Contract  Month 


ogram 


Define  Performance 
Specifications  for 
RlTF.  Devices 


Survey  Commercial 
BITE  Devices 


Screen  Commercial 
HITE  Devices 


Test  Commercial 
RITE  Devices 


Develop  and  Assemble 
RITE  Components  as 
Required 


Package  BITE 


Test  RITE 


Complete  Interim  Report 


IV.  BACKGROUND 


A.  General  Principles 


In  order  to  obtain  commercial  built-in  test  equipment,  it  is  necessary  to 
understand  the  various  properties  to  be  monitored  and  the  factors  which  in¬ 
fluence  those  properties.  The  following  background  will  review  the  properties 
and  factors  to  be  monitored  by  AIR  RITE  and  OIL  RITE. 


1.  AIK  BITK 

AIR  BITE  is  very  important  to  reduce  or  prevent  the  premature  failure  of 
vehicle  engines  from  excessive  wear  produced  by  ingested  dust  and  dirt.  When 
dust  and  dirt  are  Ingested  by  an  engine,  very  rapid  wear  occurs  in  the  bear¬ 
ings,  cylinders,  and  cam  areas  because  the  oil  and  dirt  mix  to  produce  an 
abrasive  grinding  fluid  which  normal  filtration  cannot  adequately  remedy.  A 
BITE  device  is  needed  to  monitor  the  air  entering  the  operating  engine  and 
detect  the  presence  of  dust.  When  the  concentration  of  dust  exceeds  the  level 
expected  for  a  properly  functioning  air  filter  system,  the  BITE  should  signal 
the  vehicle  operator  that  the  air  is  dirty  so  that  corrective  action  can  be 
taken. 

The  fact  that  commercial  air  filters  still  pass  some  dust  under  normal  con¬ 
ditions  required  that  the  BITK  have  a  lower  threshold  below  which  it  does  not 

3 

alarm.  This  normal  dust  level  is  in  the  range  of  0.02  mg  dust/ft  .  The  AIR 

3 

BITE  should  then  be  responsive  to  levels  of  0.2  mg  dust/ft  within  a  reason- 

3 

able  period  of  time.  If  instant  signals  were  given  at  the  0.2  mg/ft  level, 
many  false  signals  would  result,  reducing  system  reliability. 

The  BITE  must  be  responsive  to  the  wide  range  of  dust  particle  sizes  which 
can  be  experienced  in  the  field.  Particles  less  than  3  micrometers  would  not 
be  considered  as  harmful  as  those  in  the  3  to  25  micrometers  range. 

2.  OIL  BITE 

Oil  quality  in  operating  field  vehicles  is  currently  monitored  by  the  Army 
Oil  Analysis  Program  Laboratories  (AOAPLABS)  by  sampling  the  lubricating  oil 
of  operational  vehicles  on  a  regularly  scheduled  basis  and  performing  specific 
laboratory  tests  on  those  samples.  The  results  of  those  tests  are  compared 
with  the  results  from  previous  samples  from  the  same  vehicle  and  with  certain 
guidelines  and  limits  which  aid  in  deciding  what  corrective  action  on  which 
vehicles  is  required.  Thi9  procedure  is  effective  in  preventing  premature 
engine  failure  in  many  cases  but  some  failures  occur  because  of  rapid  degra¬ 
dation  of  oil  quality  caused  by  overstressing  of  the  oil  and  the  engine. 
Rapid  failure  of  the  oil  can  occur  shortly  after  routine  sampling  and  analysis 
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and  severe  engine  damage  or  failure  can  occur  before  the  next  scheduled  oil 
sampling. 


An  OIL  BITE  which  would  serve  as  an  early-warning  adjunct  to  the  AOAP  Lab 
analysis  could  save  many  rapid  engine  failures.  When  the  oil  begins  to  fall, 
an  OIL  BITE  could  Indicate  such  failure  and  an  unscheduled  sample  could  be 
sent  to  the  AOAP  Lab  for  confirmation  and  corrective  action  recommendations. 

Monitoring  of  oil  quality  on  the  fielded  vehicles  Is  a  difficult  task  because 
of  the  several  factors  Influencing  the  properties  to  be  monitored.  These 
properties  and  some  of  the  problem  factors  are  herein  described. 

a.  Viscosity — A  variety  of  problems  must  be  considered  when  the  lubricating 
oil  viscosity  Is  a  criterion  for  its  usefulness  as  a  lubricant.  The  viscosity 
of  oils  supplied  under  MIL-L-2104C  to  the  Army  varies  within  a  given  grade 
because  of  normal  specification  max-mln  limits.  As  the  oil  temperature  in  the 
operating  vehicle  changes,  especially  during  warmup,  the  viscosity  of  the  oil 
will  vary  over  a  wide  range.  Different  grades  of  lubricants  are  used  in  the 
vehicles  depending  on  the  climatic  conditions  so  the  use  of  viscosity  as  a 
criterion  for  vehicle  lubricant  quality  must  be  carefully  employed  to  avoid 
false  indications. 

Other  factors  also  Influence  the  viscosity  of  the  oil  and  must  be  considered. 
Fuel  dilution  or  erroneous  introduction  of  oil  of  lower  viscosity  grade  can 
reduce  the  oils  viscosity  and  its  ability  to  protect  the  rolling  and  rubbing 
surfaces.  Oxidation  thickening  of  the  oil  produced  by  stressing  of  the  oil  in 
service  can  increase  the  viscosity  and  limit  the  oils'  cooling  effects  because 
of  inadequate  flow.  Prolonged  use  can  produce  heavy  soot  loading  and  sludge 
buildup  which  can  also  increase  the  viscosity  to  unacceptable  limits.  Thus, 
an  out-of-range  viscosity  measurement  could  indicate  a  variety  of  problems  in 
the  fielded  vehicle  but  correlation  of  the  measurement  is  difficult. 

b.  Acidity — Acids  are  produced  by  the  combustion  process  and  are  introduced 
in  the  blow-by  gases  to  the  crankcase.  Organic  acids  are  produced  by  high 
temperature  stressing  of  the  oil.  These  acids  deplete  the  alkaline  additive 
package  and  corrosive  wear  will  immediately  result  as  soon  as  the  acidity  of 
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ENGINE 
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the  oil  reaches  a  point  where  metal  attack  can  begin.  It  la  very  Important  to 
monitor  oil  acidity  to  avoid  such  corrosive  wear. 

V 

c.  Wear  Metals — The  wear  metal  content  of  an  oil  Is  an  indication  of  wear 
either  due  to  corrosion,  erosion  or  mechanical  failure  of  some  component  In 
which  excessive  wear  occurs.  A  bullt-ln  device  which  would  indicate  such  wear 
would  be  very  valuable  if  It  could  Indicate  the  rate  of  wear.  This  being  very 
difficult,  total  wear  metal  content  would  be  of  real  value  in  Indicating 
unscheduled  oil  sampling  or  draining. 

In  reviewing  these  various  requirements  of  an  OIL  BITE  device  it  was  apparent 
that  there  might  not  be  any  single  commercial  device  which  could  meet  all  of 
these  requirements.  In  discussions  with  program  technical  monitors.  It  was 
concluded  that  It  was  unlikely  that  a  bullt-ln  OIL  BITE  device  meeting  all  of 
the  requirements  could  be  located  in  the  commercial  market. 

B.  Potential  BITE  Principles 

1. >  AIR  BITE 

Two  major  types  of  devices  are  considered  applicable.  One  device  would 
function  by  collecting  dust  from  the  induction  air  which  has  been  filtered 
through  the  vehicle  air  filtration  system.  Figure  1  illustrates  the  filter 
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FIGURE  1.  GENERAL  CONCEPT  OF  FILTER  TYPE  DUST  DETECTOR 


type  detector.  This  type  of  device  would  analyze  the  air  Just  before  it 
enters  the  engine  and  would  determine  the  quantity  of  dust  in  the  air.  If  the 
induction  air  were  contaminated  above  a  predetermined  level,  a  failure  or 
malfunction  of  the  air  filtration  system  of  the  vehicle  would  be  indicated. 
Such  a  device  could  sample  and  filter  the  air  by  suction.  The  filter  could  be 
removed  and  analyzed  by  x-ray  fluorescence  or  chemical  analysis,  or  prefer¬ 
ably,  indicate  the  presence  of  dust  while  the  vehicle  Is  in  operation  without 
filter  removal.  Indication  would  occur  If  flow  through  the  filter  in  the  air 
sample  line  was  reduced.  Dust  present  In  the  sample  air  would  slowly  plug  the 
filter,  restricting  the  flow  and  the  pressure  differential  across  the  sample 
filter  would  Increase.  When  the  pressure  differential  reached  a  predetermined 
level,  a  warning  system  would  give  indication  to  the  vehicle  operator  that  the 
Induction  air  was  contaminated.  This  type  of  device  will  be  referenced  in 
this  report  as  the  f  titration  type  dust  detector. 

A  second  type  of  analytical  device  would  be  one  in  which  the  induction  air 
would  be  examined  for  dust  and  dirt  particles  by  optical  light  scattering. 
Several  different  types  are  described  as  follows: 

Direct  light  obscuration  is  the  reduction  in  the  transmittance  of  an  optical 
light  path  because  of  the  dust  present.  Figure  2  illustrates  this  principle. 


AIR  SAMPLE 
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INTENSITY 

lr<  l0  BECAUSE  OF  LIGHT  SCATTERING  AND  ABSORPTION  BY  DUST  PARTICLES 

FIGURE  2.  OPTICAL  DUST  DF.TF.CTOR  BASED  ON  LIGHT  OBSCURATION 
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The  dust  particles  absorb  the  light  or  scatter  it  away,  preventing  it  from 
reaching  the  detector.  This  system  might  be  relatively  insensitive  to  the 
levels  of  dust  in  the  filtered  air  and  only  the  higher  levels  might  be  in¬ 
dicated. 

Another  type  of  optical  dust  detector  employs  light  scattering  with  a  number 
of  variations.  Figures  3a,  3b,  and  3c  show  the  differences.  Fither  right 
angle,  forward  or  reverse  light  scattering  could  have  potential  as  a  dust 
detector.  Right  angle  scattering  measures  the  amount  of  light  scattered  at 
right  angles  to  the  incident  light  beam.  The  intensity  of  the  scattered  light 
is  proportional  to  the  concentration  of  particles  in  the  beam.  Forward  and 
reverse  scattering  measure  the  light  scattered  into  a  shadowed  area  of  the 
beam.  All  light  scattering  methods  are  particle-size  dependent. 

Another  concept  employs  an  impingement  process.  Air  is  impinged  upon  a  sur¬ 
face,  which  serves  as  a  reflector  in  an  optical  system.  As  the  amount  of  dust 
on  the  reflecting  surface  increases,  additional  scattering  occurs,  reducing 
the  optical  quality  of  the  reflective  surface.  This  device  is  an  integrating 
light  transmission  dust  detector.  It  would  require  cleaning  or  complete 
replacement  once  the  surface  became  sufficiently  loaded  with  dust.  Figure  4 
illustrates  this  principle. 

2.  OIL  BITE 

There  are  no  clear-cut  testing  devices  which  can  monitor  all  of  the  pre¬ 
viously  mentioned  properties  of  lubricating  oil,  take  into  consideration  each 
of  the  factors  influencing  the  oil  quality  and  give  an  indication  of  which 
factors  are  adversely  affecting  the  oil  quality  at  any  given  time.  There  are 
many  claims  made  for  some  devices  but  these  claims  are  not  supported  by  sound 
technical  data.  There  are  some  systems  that  do  offer  technically  feasible 
approaches  and  were  considered  in  this  program. 

a.  Viscosity — Several  techniques  are  possible  for  monitoring  viscosity.  In 
most  cases,  the  measurement  must  be  physical.  The  vibrating  reed  electrometer 
viscometer  can  be  used  to  measure  viscosity  on-line.  This  device  measures  the 
fluid's  resistance  to  the  vibration  of  a  pulsed  reed  suspended  in  the  fluid. 
This  device  is  somewhat  delicate  and  quite  expensive  for  military  vehicle 
application. 


FIGURE  3a.  RIGHT  ANGLE  LIGHT  SCATTERING  DUST  DETECTOR 


AIR  CONTAINING  DUS1  PARTICl  t  S 


KICURE  3h.  FORWARD  LIGHT  SCATTERING  DUST  DETECTOR 


AIR  CONTAINING  DUS1  I’ARl  ICLFS 
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FIGURE  A.  IMPINGKR-OPT ICAL  REJECTION  TYPE  DUST  DETECTOR 


The  differential  pressure  across  an  orifice  has  potential  as  a  viscosity 
measuring  device.  The  pressure  differential  manifests  Itself  In  two  wavs. 
The  pressure  can  he  read  directly  or,  with  limit  controls,  trigger  an  alarm, 
or  the  pressure  can  displace  a  force-loaded  piston  In  a  precision  tolerance 
cylinder  and  the  displacement  can  be  monitored. 


The  dielectric  properties  of  an  oil  are  a  function  of  viscosity  and  the  var¬ 
ious  factors  which  affect  viscosity  also  affect  the  dielectric  properties. 
This  phenomenon,  although  not  fully  understood  because  of  the  many  complex¬ 
ities,  has  been  reported  to  be  a  viseful  technique  for  monitoring  i'll  vis¬ 
cosity. 


b.  Acid  tty — Since  the  oil  acidity  produces  no  direct  major  physical  propertv 
change,  it  Is  necessary  to  measure  acidity  by  an  electrical  or  electrochemical 
method.  In  order  to  measure  acidity  In  the  laboratory,  the  oil  must  be  dis¬ 
solved  In  a  solvent  containing  a  small  amount  of  water  so  that  the  hydrogen 
Ion  sensitive  glass  electrode  can  measure  the  hydrogen  ion  concentration.  The 
solution  la  normally  reacted  with  standardized  alkali  to  determine  the  amount 
of  acid  present  In  the  oil.  This  Involved  procedure  obvlouslv  cannot  be 
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performed  by  a  built-in  test  device  but  oil  acidity  could  be  measured  by 
modern  electrochemical  techniques.  The  potentials  produced  by  bi-  or  tri- 
metal  electrode  systems  could  reveal  when  an  acidic  condition  has  developed  In 
the  lubricant. 

An  Increase  in  acidity  of  an  oil  increases  the  dielectric  properties  of  the 
oil.  A  device  which  can  measure  the  dielectric  constant  will  he  affected  by 
oil  acidity. 

c.  Wear  Metals — The  products  of  wear,  wear  metals,  may  be  present  in  the  oil 
in  two  different  forms.  The  wear  metals  may  exist  as  particles  directly 
suspended  in  the  oil  or  carried  by  sludge  and  carbon  particles  suspended  in 
the  oil.  The  metals  may  also  be  present  in  the  oil  in  true  solution  as  or¬ 
ganic  acid  salts  which  result  from  acid  corrosion. 

Special  analytical  filters  can  be  used  to  collect  and  recover  the  particulate 
matter.  Wear  metal  content  can  be  easily  determined  on  such  filters  after 
their  removal  from  the  system.  Either  x-ray  analysis  or  colorimetric  chemical 
analysis  can  determine  metallic  elements  on  filters.  Iron,  the  principal  wear 
metal,  is  especially  easy  to  detect.  However,  this  technique  does  not  deter¬ 
mine  the  wear  metals  in  true  solution  since  they  are  not  recoverable  on  fil¬ 
ters. 

The  wear  metals  cause  an  increase  in  the  dielectric  properties  of  an  oil. 
1'articles  can  cause  an  erratic  or  unstable  dielectric  response  because  of  the 
nonhomogenei ty  of  the  system. 

Since  dielectric  properties  respond  to  viscosity  affected  by  sludge,  solids, 
acidity  and  wear  metals,  a  device  measuring  dielectric  constant  was  considered 
to  show  real  potential  for  oil  monitoring.  Previous  experiments  with  dielec¬ 
tric  constant  measurements  have  indicated  that  overall  oil  quality  could  be 
correlated  but  not  directly  to  the  specific  properties  of  viscosity,  acidity, 
or  wear  metals.  Dielectric  properties  are  affected  by  the  net  of  all  of  these 
factors. 


V.  COMMERCIAL  BITE  SURVEY 


A  summary  of  projected  purchase  volumes  was  required  to  present  Information  to 
the  potential  suppliers.  A  search  of  the  literature  for  commercial  devices 
which  might  meet  the  requirements  of  the  program  was  conducted  and  the  sup¬ 
pliers  were  contacted  to  determine  Interest  and  potential.  The  literature 
provided  names  of  organizations  which  might  be  potential  suppliers  of  BITE 
devices.  A  presentation  was  prepared  to  brief  the  potential  suppliers  on  the 
objectives,  testing  and  procurement  schedule  of  the  OIL  and  AIR  BITE  program. 
The  viewgraph  presentation  is  shown  in  Appendix  A.  The  suppliers  were  per¬ 
sonally  visited  and  briefing  sessions  with  senior  engineers  and  marketing 
management  were  held.  Each  company  was  given  the  option  of  participating  in 
AIR  BITE,  OIL  BITE,  or  both.  The  briefings  also  provided  the  opportunity  for 
SwRI  personnel  to  evaluate  the  companies'  approaches,  facilities,  and  capa¬ 
bilities  to  supply  and  support  a  BITE  item.  The  companies  visited  are  as 
follows : 

Beckman  Instruments,  Inc.,  Fullerton,  CA 
Donaldson  Company,  Inc.,  Minneapolis,  MN 
Hamilton  Standard,  Hartford,  CN 

Harry  Diamond  Laboratories,  U.S.  Army,  Silver  Springs,  MD 

Kevex  Corp.,  Foster  City,  CA 

Norcross  Corp.,  Newton,  MA 

Northern  Instruments,  Inc.,  Lino  Lakes,  MN 

Pall  Corporation,  Glen  Cove,  L.I.,  NY 

Pitchford  Scientific  Instruments,  Canonsburg,  PA 

Princeton  Gamma-Tech,  Princeton,  NJ 

Royco,  Inc.,  Menlo  Park,  CA 

Technical  Development  Co,  (TEDECO) ,  Glenolden,  PA 
Texas  Instruments,  Inc.,  Attleboro,  MA 

Several  smoke  detector  manufacturers  were  contacted  for  AIR  BITE.  Some  of  the 
commercially  available  smoke  detectors  have  potential  as  dust  detectors  be¬ 
cause  they  are  optical  in  design,  but  no  manufacturer  was  interested  In  par¬ 
ticipating  in  the  AIR  BITE  program  because  of  the  relatively  low  volume  of 
devices  which  would  be  purchased  by  the  Army.  The  manufacturers  require  sales 


in  excess  of  5  to  10  million  units  per  year  to  have  interest  in  a  new  product 
such  as  AIR  BITE. 

The  briefing  sessions  were  held  with  key  engineering  personnel  to  outline  the 
purposes,  objectives,  time  frame,  and  the  problem  areas  involved  in  the  BITE 
program.  The  details  of  the  program  to  be  conducted  were  outlined  and  dis¬ 
cussed  with  the  marketing  management  and  engineering  personnel.  After  al¬ 
lowing  one  to  two  weeks  for  consideration,  marketing  management  was  contacted 
by  telephone  to  determine  the  level  of  interest  of  the  potential  supplier  for 
BITE  devices.  The  companies  contacted  and  the  technical  potential  are  de¬ 
scribed  below. 

Beckman  Instruments,  a  manufacturer  of  optical,  electronic  and  mechanical 
laboratory  and  process  instrumentation,  was  contacted  with  hope  that  thev 
would  participate  in  both  the  OIL  and  the  AIR  BITE  programs.  Beckman  man¬ 
ufactures  analytical  process  instrumentation  for  the  continuous  monitoring  of 
pH  and  waste  water  treatment.  They  also  manufacture  optical  instrumentation 
for  the  measurement  of  turbidity  and  spectral  absorption.  Beckman  indicated 
an  interest  in  the  program  but  they  had  nothing  which  could  be  modified  or 
adapted  into  a  BITE  device.  After  reviewing  the  program  it  became  apparent 
that  they  did  not  have  a  viable  candidate  for  the  BITE  program. 

Donaldson  manufactures  air  filters  and  air  filtration  systems  for  heavy  equip¬ 
ment.  They  have  designed,  developed,  tested,  and  marketed  a  filter-type  dust 
detector  with  differential  pressure  indication.  The  marketed  device  appears 
to  meet  the  needs  of  the  AIR  BITE  phase.  Donaldson  was  enthusiastic  and 
supportive.  A  test  program  was  outlined  for  testing  the  detector  in  the 
Donaldson  laboratories  under  contractor  supervision. 

The  U.S.  Army's  Harry  Diamond  Laboratories  specializes  in  the  manufacture  and 
design  of  fluidic  devices.  Harry  Diamond  Laboratories  suggested  using  fluidic 
analyzers  to  monitor  viscosity.  Oil  samples  which  exhibit  the  range  of  vis¬ 
cosity  in  question  would  be  required  for  testing. 

The  Kevex  Corporation  manufactures  radioisotope  and  tube  excited  energy  dis¬ 
persive  x-ray  fluorescence  analyzers.  It  was  possible  that  Kevex  could  pro- 


duce  a  very  low  cost  along  side  the  vehicle  OIL  BITE  device  for  the  analysis 
of  wear  metals.  Upon  review  It  was  apparent  that  Kevex  could  not  meet  the 
cost  requirments.  Most  of  their  test  equipment  costs  in  excess  of  $10,000. 
Cost  and  the  limited  application  of  wear  metals  only  did  not  fit  the  objec¬ 
tives  of  the  BITE  program. 

Norcross  Corporation  manufactures  viscosity  monitoring  equipment  for  chemical 
plants  and  oil  refineries.  They  described  their  viscosity  monitor  as  employ¬ 
ing  a  piston  displacement  principle  with  proximity  sensing  detectors.  The 
problems  in  OIL  BITE  Interested  the  engineers  at  Norcross  and  they  were  an¬ 
xious  to  develop  a  viscosity  monitoring  device,  but  such  a  development  program 
would  exceed  the  time  frame  of  the  BITE  program.  Norcross  chose  not  to  try  to 
meet  the  time  frame  of  the  BITE  program  but  to  independently  develop,  manufac¬ 
ture,  and  market  a  device  which  would  meet  this  need.  The  Norcross  device 
would  not  wholly  satisfy  the  requirements  of  the  BITE  program  because  it  would 
only  measure  changes  in  viscosity. 

Northern  Instruments  manufactures  handheld  oil  monitors  which  determine  the 
dielectric  constant  of  the  oil.  One  monitor,  "Lubrisensor,"  has  shown  promise 
of  indicating  overall  oil  quality  because  the  dielectric  constant  of  lubri¬ 
cating  oil  is  influenced  by  the  presence  of  fuel,  sludge,  acids,  and  wear 
metals.  The  device  does  not  specifically  indicate  which  of  the  contaminants 
are  present  but  the  overall  quality  of  the  oil  appears  to  be  related  to  the 
dielectric  constant.  Northern  has  recently  miniaturized  and  simplified  the 
Lubrisensor.  The  mini  version  is  called  "LUBESAFE."  The  potential  of  LUBE- 
SAFE  serving  as  an  along-side-the-vehicle  tester  to  support  the  OIL  RITE  phase 
of  the  program  appears  good.  Northern  Instruments  was  very  interested  in 
participating  in  the  OIL  BITE  phase  and  has  long  term  plans  for  the  develop¬ 
ment,  testing,  and  production  of  an  actual  built-in  tester  for  engine  mount¬ 
ing. 

Pall  Corporation  was  interested  in  OIL  BITE  and  AIR  BITE  but  did  not  have 
instrumentation  or  Immediate  solutions  to  the  problems.  Pall  manufactures 
filters  for  air  and  fluids  used  in  the  aircraft  industry. 
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Recovery  of  contaminants  and  subsequent  analysis  was  a  suggested  approach. 
Recovery  of  materials  for  later  testing  and  analysis  is  an  excellent  research 
tool  but  was  not  practical  for  the  immediate  indication  required  by  BITK. 

Pltchford  Instrument  Company  manufactures  x-ray  analyzers.  They  offered  an 
along— side— the— vehicle  x-ray  analyzer  for  the  analysis  of  recovered  filters. 
Such  analyses  would  be  helpful  but  would  not  really  meet  the  cost  or  built-in 
requi rement s . 

Similarly,  Princeton  Gamma-Tech  manufactures  x-ray  analyzers.  Princeton 
Gamma-Tech  and  Pall  were  willing  to  work  together  to  produce  an  analytical 
filtration  system.  This  type  of  oil  monitoring  would  be  conducted  from  a  van 
or  truck  housing  the  equipment,  power  supplies  and  the  maintenance  and  service 
hardware.  This  approach  was  outside  the  overall  objectives  of  Oil.  BITF.. 

Royco  manufactures  optical  particle  counting  equipment  and  expressed  a  sincere 
interest  in  both  the  OIL  and  the  AIR  BITE.  After  reviewing  the  program  and 
discussing  the  problems  inherent  in  OIL  BITE,  Royco  decided  that  they  would 
not  participate  in  the  OIL  BITE  phase.  However,  the  AIR  BITK  program  showed 
significant  potential.  Royco  manufactures  particle  counting  equipment  for 
clean  rooms  and  believes  modification  of  some  of  their  existing  hardware  would 
meet  the  AIR  HITE  requirements. 

Tedeco  (Technical  Development  Company)  presently  manufactures  chip  detectors 
for  the  lubricating  systems  of  turbine  engine  aircraft.  They  also  manufacture 
a  variety  of  other  optical  and  electronic  devices  for  aircraft  oil  and  fuel 
systems.  Tedeco  could  offer  a  magnetic  type  chip  detector  to  indicate  the 
accumulation  of  magnetic  wear  debris.  This  limited  device  for  OIL  BITF  does 
not  meet  the  full  requirements  for  oil  quality.  Tedeco  probably  would  not  be 
a  supplier  for  OIL  BITE. 

Texas  Instruments  was  preparing  to  market  a  device  to  detect  corrosive  or  acid 
coolant  in  water  jacketed  engines.  This  corrosion  monitor  has  long  range 
potential  as  an  oil  corrosion  (acidity)  monitor  but  was  originally  designed 
for  water  systems.  Modifications  would  be  required  to  operate  properly  In 
lubricating  oils.  Texas  Instruments  was  Interested  in  OIL  BITK  and  wanted  oil 


samples  from  field  applications  and  operations  for  testing  their  device 
Arrangements  were  made  to  provide  the  necessary  samples  for  laboratory  test 


Prior  to  the  actual  testing  of  potential  BITF.  candidates,  TARCOM  personnel 
visited,  reviewed,  and  planned  the  program  activities.  The  BITE  phase  was 
discussed  In  detail.  Including  respondents  approaches  to  meeting  program 
requirements.  Overall,  the  response  from  industry  and  approaches  available  to 
meet  AIR  BITE  objectives  were  considered  good.  The  OIL  BITE  response  was 
limited  and  not  completely  problem-solving  because  of  the  complexity  of  the 
multi-faceted  objectives  desired.  Table  2  lists  the  potential  suppliers  for 
follow-up  consideration.  The  first  three  were  considered  prime  prospects. 
The  other  four  were  to  be  considered  as  long  term  alternate  suppliers. 


TABLE  2.  POTENTIAL  SUPPLIERS 


Potential  Supplier 


AIR  (Filter  Type) 

AIR  (Optical) 

OIL  (Dielect.) 

OIL  (Acidity) 

OIL  (Mag.  Chip) 

OIL  (Diagnos.  Filt.) 
OIL  (Viscosity) 


Donaldson 


Royco 

Northern 


Tedeco 


Norcross 


In  summary,  the  briefing  and  planning  phases  produced  three  prime  candidates. 
The  Donaldson  filter-type  Dust  Detector,  a  Royco  optical  dust  detector  and 
Northern  Instruments'  Lube-Safe  handheld  oil  monitor  offered  the  best  promise. 
After  review  of  the  overall  objectives,  these  three  candidates  were  selected 
for  more  extensive  and  Immediate  testing.  Royco  promptly  began  development  on 
a  prototype  optical  dust  detector  which  could  be  bench  tested,  modified,  and 
field  tested.  The  Donaldson  dust  detector  was  scheduled  for  bench  testing  at 
Donaldson.  Details  of  this  testing  will  be  given  in  the  following  section.  A 
Northern  Instruments  LUBESAFE  was  purchased  for  lab  tests  and  comparison  with 
the  larger  Lubrisensor. 
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VI.  LABORATORY  TEST  PROGRAM 


A.  AIR  BITE 

Donaldson — Tentative  test  plans  were  made  with  Donaldson  to  establish 
sensitivity  and  total  contaminants  level  at  which  the  Donaldson  Dust  Detector 
signals  contamination.  Tests  were  run  at  Donaldson  under  AFLRL  staff  super¬ 
vision.  This  equipment  had  been  commercialized  and  was  well  researched  and 
tested. 

The  device  has  been  on  the  commercial  market  for  two  years  and  has  met  with 
considerable  success.  This  commercial ly-avai lab le  device  was  tested  for 
repeatability,  sensitivity,  and  response  time.  Donaldson  Bull.  No.  P45-7649 
is  found  in  Appendix  B  and  illustrates  the  detector  and  its  position  relative 
to  the  intake  manifold  or  turbocharger  inlet. 

Test  conditions  were  calculated  based  on  the  air  flow  rates  expected  in  MbO 
and  Ml  13  vehicles.  The  dust  detectors  would  be  required  to  function  from  idle 
speed  to  full  throttle  in  low  and  heavy  dust  environments.  It  was  decided  to 
test  at  near  full  throttle  conditions  when  heaviest  dust  conditions  could  be 
expected.  This  corresponds  to  675  SCFM  for  the  Detroit  Diesel  6V53  powered 
Ml  13  and  980  SCFM  for  the  6V53T.  The  M60  has  two  air  induction  systems,  one 
for  each  bank  of  six  cylinders  and  the  maximum  air  flow  expected  in  each 
system  is  600  SCFM.  The  900  SCFM  was  chosen  as  the  test  condition  maximum. 

Dust  levels  during  the  test  were  difficult  to  select  and  control,  especially 
at  low  concentrations.  The  dust  to  be  used  was  AC  Fine  Test  Dust,  an  industry 
standard.  The  efficiency  of  the  air  filters  for  either  the  M60  or  the  M113  is 
about  99%  for  new  filters.  As  the  filters  become  dirt-laden,  the  efficiency 
rapidly  rises  to  approximately  99.9%.  Dust-filled  air  is  considered  zero 
visibility  at  25  mg  dust/SCF.  Thus  a  new  air  filter  in  zero  visibility  dust 
could  pass  dust  at  the  0.25  mg/SCF  level  initially  and  still  be  functioning 
properly.  Of  course,  at  these  levels,  the  filter  will  quickly  load  and  become 
much  more  efficient,  reducing  the  amount  of  dust  passed. 


However,  It  Is  the  total  amount  of  dust  the  engine  Ingests  that  does  the 
damage  and  not  the  momentary  high  concentrations  or  pulses  of  short  duration. 
It  was  decided  to  test  at  various  dust  levels  and  determine  the  length  of  time 
required  for  Indication  of  dust  at  each  level  and  the  total  quantity  of  dust 
Ingested  at  each  level.  The  level  of  0.39  mg/SCF  was  the  lowest  level  that 
could  be  continuously  fed  and  was  56£  higher  than  the  expected  levels  of  0.23 
mg/SCF  for  a  new  filter  in  worst  dust  conditions. 


The  test  facilities  were  capable  of  operating  under  controlled  flow  rate, 
controlled  dust  feed  rate  and  absolute  filtration.  The  dust  tunnel  was  ap¬ 
proximately  12  feet  long  with  a  3  feet  diameter  absolute  filter.  Special 
controls  held  the  air  flow  at  the  present  selected  value.  The  tunnel  was 
operated  at  918  SCFM  of  Intake  air  and  AC  Fine  Test  Dust  was  fed  to  the  air 
intake  from  a  rotary  table  variable  speed  feeder.  Times  were  measured  for 
detection  and  total  dust  ingested  was  determined  by  weight  increase  of  the 
absolute  filter  in  the  dust  tunnel.  The  device  was  found  to  be  repeatable  at 
a  given  dust  concentration.  At  the  0.39  mg/SCF  concentration  level,  the 
response  varied  within  6%  of  the  mean.  It  was  found  that  at  higher  dust 
ingestion  rates,  the  sensitivity  increases,  thus  warning  of  dust  even  more 
quickly.  Table  3  summarizes  these  data. 


TABLE  3 

DETECTION  LEVELS  OF 
DONALDSON  DUST  DETECTOR 


Concentration 

of  Dust  in  Air  Intake.  mg/SCF 


Total  Dust  Ingested 
Before  Signal,  g 


The  sensitivity  of  the  detector  can  be  easily  varied  by  the  manufacturer.  One 
run  was  conducted,  where,  by  tripling  the  diameter  of  one  orifice  in  the 
sensor  cell,  the  sensitivity  was  decreased  by  a  factor  of  9.  From  this  single 
run,  the  sensitivity  appears  to  vary  inversely  to  the  area  of  exposed  filter. 
Figure  5  illustrates  the  sensor  cell  and  the  arrow  indicates  the  orifice  to  be 
changed  if  sensitivity  changes  are  required. 


FIGURE  5.  SENSOR  FOR  DONALDSON  DUST  DETECTOR 


Figure  6  shows  elapsed  time  before  indication  (ETBI)  as  a  function  of  dust 
concentration.  From  this  figure,  it  can  he  seen  that  the  ETBI  of  the  detector 
decreases  as  the  dust  concentration  increases  and,  in  high  dust  conditions, 
was  less  than  10  seconds. 

In  conclusion,  this  detector  by  DONALDSON  is  effective  and  sensitive.  It  was 
recommended  for  field-testing. 

Rovco — Royco  had  developed  a  prototype  optical  dust  detector  ready  for 
testing.  Royco  was  visited  and  the  bench  model  optical  dust  sensor  was  ex¬ 
amined  and  tested.  The  device  operated  on  the  forward  light  scattering  prin¬ 
ciple.  See  Figure  3b.  The  device  contained  an  incandescent  light  source,  a 
plastic  focusing  lens  and  a  photodiode  sensor  all  mounted  on  an  optical  bench 


with  appropriate  light  shields,  baffles,  and  masks.  The  device  was  extremely 
sensitive  and  the  1-  to  40-mv  output  was  used  to  trigger  the  alarm  indicator. 
Royco  supplied  a  prototype  for  testing  at  SwRI.  Test  facilities  at  SwRI  were 


scheduled  and  arranged  for  measuring  the  sensitivity  range  and  repeatability 
of  the  device  following  inspection  and  training  at  Royco. 


The  device  was  very  responsive  to  small  particle  dust  in  air.  However,  the 
dust  to  be  detected  is  of  larger  particle  size  than  10  micrometer  and  the 
detector  lacked  adequate  sensitivity  to  these  particles.  A  response  of  7  m v 
for  concentrations  of  2  mg/SCF  was  typical.  Noise  levels  and  drift  were  of 
the  order  of  1  mv.  The  chief  engineer  of  Royco  indicated  that  a  right  angle 
scattering  device  would  be  more  likely  to  provide  the  increased  sensitivity  of 
10  mv  for  0.05  mg  dust/SCF  required.  The  right  angle  device  would  probably  be 
more  simple  in  design,  lower  in  cost  and  easier  to  install. 
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The  Rovco  optical  prototype  was  redesigned  and  was  first  tested  by  Royco.  The 
Engineering  Manager  of  Royco  tested  and  calibrated  at  SwRI  a  device  which 
would  be  used  to  test  and  evaluate  the  prototype  detector.  Full  details  of 
the  prototype  detector  were  not  disclosed  until  feasibility  had  been  estab¬ 
lished. 

The  calibrated  test  device  was  used  to  evaluate  a  Royco  Dust  Detector  in 
current  manufacture.  This  detector  was  very  sensitive  to  the  size  of  dust 
expected  in  the  field  application  and  the  principle  of  the  Royco  device  was 
shown  to  be  effective.  However,  the  cost  was  prohibitive  as  the  detector  is  a 
very  sophist icated  device.  Royco  engineers  believed  that  the  device  could  be 
re-designed  from  different  materials  and  simplified  to  bring  the  cost  into  the 
range  required.  This  re-design  would  take  significant  time  and  money  and  was 
beyond  the  scope  of  the  BITE  program.  Royco  plans  to  explore  those  areas 
outside  the  realm  of  this  reported  program. 

B.  OIL  HITE 


Most  of  the  potential  suppliers  for  OIL  BITE  requested  samples  of  oil 
which  exhibited  the  various  problems  previously  described.  Five  gallons  of 
highly  stressed  used  oil  with  nearly  502  increase  in  viscosity  and  a  high  acid 
number  was  obtained,  analyzed,  and  made  available  to  those  respondents  re¬ 
questing  a  test  sample.  Norcross,  Northern  Instruments,  and  Texas  Instruments 
received  samples.  An  additional  sample  containing  high  wear  metals  was  also 
provided  to  Northern,  Pall  and  Tedeco. 

The  results  and  responses  from  the  potential  suppliers  are  described  as  fol- 
1  ows : 

Northern  Instruments — The  along-side-the-vehic le  oil  tester  marketed  hv  Nor¬ 
thern  Instruments  Co.  was  lab  evaluated  and  its  performance  is  similar  to  the 
larger,  more  sophisticated  model  from  the  same  manufacturer.  The  larger  model 
had  been  under  test  at  AFLRL  for  two  years  and  had  correlated  satisfactorily 
with  engine  condition  and  chemical  laboratory  tests.  The  device  measures  the 
dielectric  properties  of  the  lubricant.  The  dielectric  constant  increases  as 
oil  contamination  from  soot,  sludge,  acid  buildup  and  wear  metals  increases. 


Diesel  fuel  dilution  causes  an  increase  in  dielectric  constant  but  gasoline 
causes  a  decrease.  Oxidation  of  the  oil  also  causes  dielectric  constant 
increase.  Erratic  meter  readings  (needle  fluctuation)  are  indicative  of  lube 
contamination  from  a  glycol  coolant  leak  to  the  oil.  The  device  does  not 
distinguish  which  property  is  changing,  merely  that  the  quality  of  the  oil  is 
decreasing.  Appendix  C  shows  the  operating  manual  of  LUBESAFE. 

After  careful  examination  of  the  LUBESAFE,  both  at  the  manufacturer's  plant 
and  SwRI,  and  after  comparision  with  the  previously  tested  Lubrisensor,  the 
tester  was  used  to  test  a  series  of  selected  oil  samples.  In  every  case, 
where  the  oil  was  contaminated  or  stressed  to  a  severe  level,  the  Lube-Safe, 
like  its  sister  instrument,  Lubrisensor,  indicated  a  failure  case.  Based  on 
these  results,  additional  units  were  recommended  for  field  testing. 

Texas  Instruments — Oil  samples  were  shipped  to  TI  for  testing  of  the  corrosion 
monitor.  After  several  months,  TI  responded  that  they  would  not  participate 
in  the  test  program. 

Tedeco — The  chip  detector  was  responsive  to  high  wear  metals  but  since  the 
detector  does  not  detect  other  factors  influencing  oil  quality,  it  was  not 
considered  adequate  for  field  testing. 

Pall — Oil  samples  were  provided  to  Pall,  but  the  cost  and  problems  of  filter 
removal,  handling  and  subsequent  analysis  were  considered  too  great  to  warrant 
field  testing. 

Norcross— Oil  samples  were  provided  to  aid  in  design  of  a  true  built-in  vis¬ 
cosity  monitor.  The  device  could  not  be  developed  within  the  time  frame  of 
this  program. 

In  summary,  the  Northern  Instrument  Lube-Safe  was  the  only  candidate  which 
appeared  to  have  potential  for  the  field  test  phase. 

VII.  FIELD  TEST  PROGRAM 

Ft.  Hood  was  recommended  as  a  site  for  the  field  test  of  the  BITE  devices 
based  on  the  large  concentration  of  combat  vehicles  and  close  proximity  to 
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FIGURE  7.  MbO  TANK  WITH  AIR  DUCT  ON  FILTER  ROX 

flanges  to  securely  mount  the  detector  and  retain  some  flexibility  of  the  duct 
system.  Note  in  the  previously  mentioned  figure,  the  replaced  air  duct  lying 
on  the  air  filter  hox. 


SwRI.  The  Director  of  Industrial  Operations  (DIO),  Ft.  Hood,  was  visited 
following  initial  coordination  by  TARCOM.  SwRI  briefed  the  DIO,  FMT's  and 
maintenance  officers  on  the  program  objectives  and  the  devices  to  be  tested. 
A  commitment  of  full  cooperation  was  offered  by  Ft.  Hood  personnel. 

A.  AIR  HITE 

The  vehicles  to  be  employed  in  field  test,  especially  for  the  AIR  BITE, 
were  the  MbO  tank  and  the  Ml  13  armored  personnel  carrier.  Ft.  Hood  has  a 
large  number  of  both  these  vehicles  in  operation.  Plans  were  made  to  equip 
four  M60 ' s  and  four  Mill's  with  Donaldson  Dust  Detectors.  Figure  7  shows  an 
MbO  to  be  equipped  with  a  pair  of  detectors.  The  detectors  had  to  be  mounted 
in  the  ductwork  between  the  intake  air  filters  and  the  turbocharger  of  the  en¬ 
gine.  This  required  special  fabrication  of  duct  work  and  hose  connecting 


The  flexible  Intake  air  ducts  from  both  an  MbO  tank  and  an  Ml  13  personnel 
carrier  were  obtained  for  engineering  review  and  planning  for  installation  of 
the  Donaldson  Dust  Detector.  A  design  conference  was  held  at  Donaldson  to 
determine  the  configuration  of  the  detector-duct  work  assembly  for  both  types 
of  vehicles  (MbO,  Ml  13)  to  be  Included  In  the  field  test.  It  was  decided  that 
it  would  be  best  for  Donaldson  to  assemble  the  dust  detector  in  the  duct  work 
to  simplify  installation  in  the  vehicles.  The  Ml  1 3  system  involves  a  section 
of  metal  duct  with  a  "hump  hose"  (a  flexible  connector  manuf actured  by  Donald¬ 
son)  as  a  connector  on  each  end.  The  metal  duct  supports  and  contains  the 
dust  detector. 


The  MbO  installation  was  somewhat  more  difficult  since  the  air  ducts  have 
metal  flange  connectors  and  clamps  Installed  as  an  integral  part. 

Donaldson  personnel  visited  Ft.  Ripley,  MN  to  determine  the  precise  position 
for  locating  the  detectors  on  the  MbO.  Donaldson  also  contacted  the  current 
manufacturers  of  the  air  duct  and  obtained  the  ducts  directly  from  the  factory 
so  that  Donaldson  could  do  the  custom  fabrication,  detector  installation  and 
testing  to  assure  that  there  was  no  effect  on  sensitivity.  Four  single  as¬ 
semblies  for  the  Ml  1 3  and  four  dual  assemblies  for  the  M60  were  obtained. 

The  dust  detectors  for  the  M 1 1 3  were  delivered  to  Ft.  Hood.  The  units  could 
not  be  fitted  into  the  available  space  and  required  modification.  F.ach  unit 
required  custom  modification  because  of  variation  in  the  angular  position  of 
the  air  filter  housing  on  each  M 1 1 3 .  Significant  variation  in  air  filter 
housings  and  installation  positions  is  common  on  M113's  according  to  shop 
personnel.  The  custom  fitting  required  rather  Involved  cutting  and  rewelding 
of  the  metal  tubing  which  supported  the  dust  detector  to  align  the  tube  be¬ 
tween  the  air  filter  and  the  air  intake  elbow  of  the  engine  in  close  enough 
spacing  to  allow  hose  coupling  with  clamps.  A  redesigned  air  intake  elbow  of 
the  engine  to  allow  direct  mounting  of  the  dust  detector  would  provide  a  more 
favorable  and  simple  Installation  location  if  the  RITK  were  to  become  standard 
equipment.  Figures  8  through  10  are  photographs  of  dust  detectors  installed 
on  different  Ml  1 3  vehicles.  Note  the  variations  required  in  installation  for 
the  different  vehicles.  Figures  11  and  12  show  the  location  of  the  signal  box 
in  the  operator's  area  of  the  Ml  13. 
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Similar  installation  difficulties  were  encountered  on  the  M60  because  the 
delivered  ducts  were  too  short.  Extensive  modification  was  required  to  obtain 
a  "good  fit"  of  the  duct-mounted  detector  in  the  limited  space  available. 

Figure  13  shows  how  the  flanged  elbow  required  lengthening  and  realigning. 
Figure  14  shows  the  completed  duct  as  modified.  Figure  15  shows  the  duct  with 
detector  in  the  mounting  position  to  the  turbocharger  and  Figure  16  shows  the 
accessibility  of  the  sensor  in  the  detector. 

Now  that  the  detectors  have  been  installed,  field  usage  will  reveal  the  ef¬ 
fectiveness  of  the  BITE  device.  Data  gathering  by  both  Ft.  Hood  and  SwRI 
personnel  began  in  late  June. 

B.  OIL  BITE 


The  Northern  Instruments  Lube-Safe  was  selected  for  testing  in  field 
applications  at  Ft.  Hood.  Even  though  this  instrument  is  not  a  built-in  test 
device,  the  principle  of  operation  showed  promise  and  a  possibility  exists  for 


FIGURE  8.  DONALDSON  DUST  DETECTOR  INSTALLED  ON  Ml  13  VEHICLE  "A" 


26 


FIGURE  9.  DONALDSON  DUST  DETECTOR  INSTALLED 
ON  Ml  1 3  VEHICLE  "B"  (FIRST  VIEW) 


FIGURE  10.  DONALDSON  DUST  DETECTC 
ON  Ml 13 


1 

* 
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FIGURE  12.  CLOSE-UP  VIEW  OF  Ml  13  OPERATOR  AREA  WITH  INSTALLER  SIGNAL  ROX 
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FIGURE  13.  MOD IF I KH  FLANGE  AND  ELBOW  FOR  DDST  DETECTOR 
INSTALLATION  ON  M60  VEHICLE 


El  CERE  1-t. 


COMPLETE  DECT  WITH  DETECTOR  FOR  M60  INSTALLATION 


KIIJURK  is.  nilCT  WITH  DETECTOR  IN  THK  INSTALLED 
POSITION  ON  M60  VEHICLE 


FICUIRK  16.  SENSOR  ACCESS  ON  DUST  DETECTOR 


a  built-in  device  in  the  future.  In  any  event,  the  tester  is  intended  as  an 
AOAP  adjunct  and  not  an  AOAP  replacement. 

Three  of  these  testers,  called  Lube-Safe,  were  purchased  and  delivered  to  Ft. 
Hood  for  use  in  frequent  monitoring  of  the  vehicle  oil  to  warn  of  needed 
unscheduled  oil  changes.  Initially,  between  200-400  vehicles  were  to  be 
monitored  by  KMT  personnel.  Arrangements  were  made  to  obtain  any  unscheduled 
oil  drain  samples  detected  by  the  devices  so  that  detailed  laboratory  data 
correlation  of  tester  readings  and  actual  oil  condition  could  be  established. 
Likewise,  coordination  with  the  Ft.  Hood  AOAP  laboratory  would  be  made  to 
provide  a  third  party  data  source  since  the  lab  monitors  combat  vehicle  (M60, 
Ml  13)  lube  conditions  on  a  planned  schedule. 

Key  personnel  at  Ft.  Hood  were  trained  In  the  use  of  the  analyzers  and  began 
to  use  the  units  to  determine  the  best  procedure  for  record  keeping  and  re¬ 
porting.  SwRI  requested  the  following  information:  the  number  of  tests 

performed  and  the  number  of  unscheduled  drains  Indicated.  Once  an  unscheduled 
drain  was  Indicated,  samples  of  the  oil  were  to  be  sent  to  Ft.  Hood  AOAP  lab 
and  SwRI  for  analyses.  These  data  would  provide  initial  baseline  and  after 
some  experience  had  been  gained  in  the  field,  firm  procedures  could  be  esta¬ 
blished. 

Two  additional  Lube-Safe  oil  analyzers  were  ordered  to  serve  as  backup  units 
for  those  in  use  at  Ft.  Hood.  One  of  these  Lube-Safe  analyzers  was  delivered 
to  the  Ft.  Hood  AOAP  lab  to  be  used  for  data  collection  on  miscellaneous  oil 
samples  and  to  serve  as  a  backup  unit.  The  other  backup  unit  was  retained  at 
SwRI  for  similar  screening  purposes. 

After  several  attempts  to  obtain  valid  data  from  field  personnel,  it  was 
apparent  that  the  Lube-Safe  Oil  Analyzer  field  evaluation  program  should  be 
reorganized  with  a  new  test  plan.  In  order  to  obtain  data  under  carefully 
controlled  conditions,  SwRI  will  collect  all  samples,  make  the  necessary  tests 
and  compare  results  with  the  AOAP  Lab.  This  revised  plan  reduces  the  number 
of  vehicles  under  test  to  25  per  analyzer.  These  selected  vehicles  will  be 
sampled  by  SwRI  personnel  on  a  biweekly  basis  and  both  Lube-Safe  tests  and 
AOAP  data  will  be  carefully  coordinated  by  SwRI  personnel.  The  test  period 
will  be  initially  extended  for  5  additional  months  to  establish  reliability. 


VIII.  INTERIM  SUMMARY 

In  the  primary  phases  of  this  program,  existing  commercial  AIR  and  OIL  built- 
in  test  equipment  (BITE)  have  been  reviewed  for  military  vehicle  engine  appli¬ 
cation.  Current  and  potential  manufacturers  of  BITE  devices  were  contacted 
and  interviewed,  after  which  potential  AIR  and  OIL  BITE  were  selected  for 
bench  testing.  These  tests  produced  results  of  sufficient  promise  to  Justify 
preliminary  field  evaluation.  The  field  test  has  been  designed  to  evaluate 
the  BITE  devices  In  actual  field  operations  In  order  to  experience  the  full 
range  of  environmental  and  operational  conditions.  The  field  test  has  been 
underway  only  a  short  time,  and  the  preliminary  data  is  Inconclusive  because 
of  the  small  data  volume. 

IV.  PLANS 

Because  several  delays  have  been  experienced  In  deliveries  of  components  for 
AIR  BITE  and  Insufficient  data  collection  on  OIL  BITE,  an  extension  of  the 
program  to  provide  field  data  gathering  In  the  prime  dry  season  at  Ft.  Hood 
was  requested  by  SwRI.  The  termination  data  for  the  present  TARCOM  contract, 
with  associated  modifications,  was  19  August  1979,  which  did  not  permit  ade¬ 
quate  field  data  collection  time.  As  a  result  of  these  factors,  an  extended 
contract  period  of  performance  has  been  authorized  for  15  months. 

Figure  17  depicts  selected  milestones  which  are  anticipated  during  the  lb 
month  extension.  In  projecting  the  planned  milestones,  key  decision  points 
will  be  provided  at  which  time  TARCOM  can  evaluate  accumulated  data,  and  make 
decisions  specifying  continued  tssting.  Increases  in  systems  procurement 
and/or  possible  cancelling  of  phases  because  of  system  reliability,  cost, 
maintainability,  etc. 

A.  AIR  BITE 

By  December  1979  the  Donaldson  Dust  Detectors  (four  M60  and  four  MllJAl) 
will  have  been  under  test  for  at  least  five  months.  The  vehicles  should  have 
been  used  in  a  minimum  of  two  field  exercises  at  the  unit  level  and  encoun¬ 
tered  heavy  caliche  soil  dust  environment  for  a  minimum  of  three  months  (July, 
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August,  September),  This  time  period  should  be  sufficient  to  define  equipment 
reliability  and  user  satisfaction.  Eight  vehicles  under  test  cannot,  however, 
provide  adequate  statistical  data  on  overall  vehicle  maintenance  Improvement. 
Therefore,  In  December  If  the  units  are  performing  satisfactorily.  It  Is 
recommended  that  an  additional  four  Nll3Al's  and  four  M60's  be  equipped  with 
the  devices.  Procurement  of  additional  units  above  this  level.  If  desired  by 
Ft.  Hood,  would  be  coordinated  with  TARCOM  PCO  for  proper  funding  and  tech¬ 
nical  effort  modifications  to  this  contract.  By  July,  1980,  TARCOM  should 
have  sufficient  data  to  go  forward  with: 

(1)  Recommendations  for  a  large  increased  procurement  of  additional 
items, 

(2)  Discussions  with  vehicle  PM's  for  future  new  vehicle  MWO  potentials, 
or 

(3)  Cancel  this  phase  of  the  test  program. 

The  July  1980  time  period  may  also  permit  data  comparison  against  the  Royco 
dust  system  if  it  has  been  developed  and  field  tested  as  presently  projected. 

The  Royco  dust  monitoring  system  has  some  advantages  over  the  Donaldson  sys¬ 
tem,  If  all  development  goals  are  met  by  the  manufacturer.  These  improvements 
include  continuous  in-vehicle  cab  readout,  self-cleaning  capabilities  (re¬ 
quires  less  operator  maintenance)  and  automatic  resetting  once  the  system 
detects  too  much  dust  ingestion.  As  noted  from  the  milestone  chart,  availa- 
bl'ity  of  a  complete  system  appears  likely  by  1  January  1980  followed  by  three 
months  of  SwRI  checkout,  procurement  and  installation  of  test  vehicles  at  Ft. 
Hood.  Therefore,  an  April  1980  field  evaluation  start-up  is  projected  for 
planning  purposes.  Within  three  months  equipment  reliability  could  be  eval¬ 
uated  for  comparison  to  the  Donaldson  system. 

Intense  dusty  environments  will  probably  not  be  encountered  until  March  or 
April  because  of  normal  wet/cold  winter  conditions.  The  remaining  three 
months  beyond  April  should  provide  heavy  use  data. 
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Scope  of  Work — The  scope  of  work  for  this  phase  Is  as  follows 


1.  Obtain  and  consult  on  Installation  of  the  dust  monitoring  systems 


2.  Coordinate  all  field  evaluations  with  appropriate  Ft.  Hood  commands 


4.  Coordinate  all  results  with  Ft.  Hood  AOAP  laboratory  on  oil  contamination 


by  air  intake  dust  ingestion 


5.  Conduct  biweekly  liaison  visits  to  Ft.  Hood  to  assure  continuity  of  the 


program 


Act  as  a  coordinator  between  Ft.  Hood  and  the  equipment  manufacturer  in 
solving  any  hardware  problems. 


7.  Assure  up-to-date  review  of  equipment  effectiveness 


Assure  coordination  and  communications  with  TARCOM  project  monitors  on  a 
weekly  basis  by  telephone. 


9.  Provide  monthly  letter  reports  plus  interim  reports 


Continue  screening  of  other  systems  which  become  available  on  the  com¬ 
mercial  market  during  the  proposed  program  time  frame. 


B.  OIL  BITE 


The  five  Northern  Instruments  hand-held  devices  will  provide  a  minimum  of 
2000  data  points  by  December  1979  time  period.  If  initial  data  looks  favor¬ 
able  an  additional  five  units  would  be  suggested  for  purchase  to  assure  no 
less  than  4000  oil  readings  by  late  January  1980.  By  January  1980  sufficient 
data  should  be  accumulated  to  make  a  sound  judgement  on  whether  or  not  the 
device  can  detect  deteriorated  oils.  If  the  system  appears  to  be  a  good 
"go/no-go,"  then  the  procurement  of  a  vehicle  "built-in"  system  may  be  ad¬ 
visable. 


_ 


An  OIL  BITE  design  by  Northern  that  can  be  built  Into  the  vehicle  has  been 
examined  at  Northern's  facility.  Difficulties  in  obtaining  an  etchable  metal 
on  a  surface  with  the  proper  electrical  and  thermal  properties  was  encounter¬ 
ed.  Joint  efforts  by  Northern  Instruments  and  SvRI  have  located  a  fabricator 
of  sensor  material  suitable  for  built-in  application.  For  the  device  to 
function  properly  in  an  engine,  the  substrate  for  the  electrodes  must  be  both 
chemically  inert  and  thermally  durable.  One  such  material,  aluminum  oxide, 
has  been  laminated  with  the  correct  alloys  and  etched  to  produce  a  very  pre¬ 
cise  dielectric  constant  measuring  sensor.  Northern  Instruments  is  presently 
evaluating  this  new  sensor  element.  If  the  laboratory  tests  of  the  new  sensor 
and  the  field  tests  of  the  hand-held  model  are  successful,  then  field  testing 
of  the  built-in  sensor  will  be  conducted. 

If  such  a  procurement  decision  is  made,  the  15  month  proposed  contract  time 
span  would  permit  6  months  evaluation  of  the  new  system  after  vehicle  instal¬ 
lation.  Should  the  NI  device  prove  inaccurate  or  unsuitable  for  military  use, 
TARCOM  could  redirect  the  program  or  cancel  further  studies  early  in  the  new 
contract  period. 

Scope  of  Work — The  scope  of  work  for  this  phase  is  as  follows: 

1.  Manage  the  program  through  biweekly  visits  to  Ft.  Hood, 

2.  Provide  detailed  referee  oil  analysis  at  AFLRL  on  10  samples/month,  or  as 
required, 

3.  Maintain  data  collection  and  compilation,  and 

4.  Provide  necessary  monthly  and  final  reports. 
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LIGHTS  ON  PANEL 


V 


WEAR  METALS  /  RATE  BITE 

INDICATE  RATE  OF  WEAR 

INDICATE  AMOUNT  OF  WEAR 

INDICATE  TYPE  OF  WEAR 

r 

INDICATE  MAJOR  METALS  FOUND 


I 


TEST 


FIELD  EVALUATE 


R  F  P  n  R  T 


V 


FUTURE  FIELD  PROGRAM 

I 

PROBABLY  2  YEAR  DURATION 

F  Y  8  0-81 

SELECTED  BITE 

MODIFICATION  8  UPGRADE  STAGE 
SPECIFICATIONS 


I 
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PROCUREMENT 


F  Y 

8  2 

20,000 

U  N 

I  T  S 

F  Y 

8  3 

-  8  4 

55,000 

U  N 

I  T  S 

F  Y 

8  5 

-  8  6 

25,000 

U  N 

I  T  S 

A-13 


I 


COMPLETION  DATES 

CURRENT  PROGRAM  SCHEDULE 

SURVEY  &  SCREEN  JUNE  20,  1978 

TEST  &  SELECT  SEPT  20,  1978 

PACKAGE  &  FINAL  TEST  NOV  20,  1978 
FIELD  TEST  FEB  20,  1979 


FINAL  REPORT 


MAR  20,  1979 


The  Donaldson  Dust  Detector 
automatically  detects  gross  dust  leaks  in 
the  air  intake  system 

Oust  is  an  engine's  worst  enemy  Countless  hours  of 
downtime,  premature  engine  wear  or  even  an  engine  dust 
out  can  be  the  result  of  harmful  amounts  of  dust  entering 
the  clean  air  stream  to  the  engine.  This  can  happen 
through  leaky  connections,  holes  in  piping  or  other  system 
faults. 

Now  there  is  a  warning  device  available  which  allows  early 
detection  of  air  intake  system  dust  leaks  The  new 
Donaldson  Dust  Detector 

This  innovative  new  safeguard,  designed  for  use  in 
environments  where  heavy  dust  is  a  problem,  continuously 
samples  air  entering  the  engine  If  u  gross  dust  leak 
occurs,  a  signal  light  immediately  alerts  the  machine 
operator. 

Air  passes  through  a  replaceable  dust  sensor  which 
activates  the  signal  light  when  a  gross  dust  leak  occurs 

With  the  Donaldson  Dust  Detector,  delects  can  be 
identified  and  corrected  before  abrasive  dust  particles  have 
a  chance  to  erode  vital  engine  components  or  cause 
premature  engine  failure  The  Dust  Detector  can  provent 
costly  downtime  and  repairs 


The  Donaldson  Dust  Detector  is  designed  to  be  used  only 
with  the  lollowing  air  cleaners.  Donaldson  SRG,  STG.  S!K> 
(kmaclontr*.  STD  Strata*  Systems  as  well  as  Donaldson 
Primary  Air  Cleaners 

The  Dust  Detector  is  designed  to  be  installed  in  straight 
ducts  from  4"  to  10"  diameter  that  are  directly  ahead  ot 
the  engine  air  intake  This  location  allows  the  Dust 
Detector  to  monitor  all  the  connections  and  louits  in  the 
air  intake  system  between  the  Dust  Detector  and  the  air 
cleaner,  as  well  ns  the  air  cleaner  itself  Refer  to  Bulletin 
P457649 

Dust  Detector  kits  are  available  for  engines  with  one.  two 
or  tour  air  inlets  One  signal  box  only  is  needed  lor  each 
kit  The  signal  box  is  conveniently  dash  mounted  and 
includes  easy-to  read  Daily  Checkout  and  Warning 
Instructions 

Save  time  and  money  and  maybe  an  engine  —  wrfb  a 
t\m aldson  Dust  Detector  a  MUSI  lor  all  engines  operating 

in  dusty  environments 

Contact  your  OSM  or  Donaldson  Distributor  lor  details 


Bulletin  1200-243 


II  S.  Patent  No  9.696,666 


o  v  n  • 


Dust  Detector  Specifications 


Vmlurl 


Tha  bast  location  lor  tha  Donaldson  Dust 
Dvtactor  vantun  and  switch  is  m  ffi»  bottom  ol 
a  straight  duct  /ust  ahaad  ot  tha  mtaia. 
manitold  or  turbochargat  miat  Tha  Signal  bot 
can  ba  mcmntad  anywhara  on  tha  yahicla  's 
dash  ha  oparator  s  c<.myamanca 


CiikM 


Switch  Housing 


A  complete  Dust  Detector  Kit  consists  of  tha  venturi  with 
gaskets  and  switch  housing,  dust  sensor,  cable  assembly 
and  signal  box,  mounting  template  and  all  nuts  and  bolts 
necessary  for  the  installation  Kits  also  include  Bulletin 
P45-7649,  complete  Installation  Instructions,  Trouble 
Shooting  Guide  and  Service  Instructions 


Cabt» 


Signal  Box 


Complete  Kits 

Complete  Donaldson  Dust  Detector  Kits 
00X00-4251 


Single  System  24  Volt  D  C 
Dual  System  24  Volt  D  C. 
Quad  System  24  Volt  l)  C 
Single  System  12  Volt  D.C 
Dual  System  12  Volt  D.C. 


DDXOO  4252 
DDXOO  4254 
DDX00-4200 
DDX0O-42O? 


Tn»t  Button 


DUST  MMSOft  COVIN 


Service 

The  only  service  part  which  must  be  replaced  at  each  filter 
element  change  Is  the  PI2  6088  Dust  Sensor.  It  is  easily 
exchanged  by  opening  the  spring  clip  holding  the  dust 
sensor  cover  In  place  Beter  to  Bulletin  P45-7649  Service 
Instructions 


OonaMaon  Company.  Inc  wmmvd*  the  right  to 
change  or  diacontmi  e  any  model  or  specification 
At  any  time  end  without  notice 


SFE  9 

(Available  locally) 


Donaldson  Comp  my,  Inc 
t  UX>  West  9t'h  St  cel 
MmneepoHt  Mmnetota 


donaldson 


Donaldson  products  are  available  from 


Mailing  AJi.1re«» 

Box  1 2n 

Mmneapol**.  Minnesota  VN440 


Service  Parts 

Service  Part 

Part  Number 

Siqnal  Box.  Single  System 

24  Volt  D  C 

PI2  6082 

Siqnal  Box.  Dual  System 

24  Volt  DC 

PI  2-6084 

Siqnal  Box,  Quad  System 

24  Volt  D  C 

P12  6085 

Signal  Box  Single  System 
‘l 2  Volt  D  C. 

PI  2-6083 

Signal  Box  Dual  System 

12  Volt  DC 

PI  2-6296 

Dust  Sensor  (Replace  with 
each  Air  Cleaner  Element 
Chanqe) 

P12  60B8 

Cable  Assembly.  15  feet, 

Type  SJT 

PI  2-6088 

Switch-Sensor  Housing  Assembly 

P12  6089 

Switch -Sensor  Housing  Gasket 

PI 2  6090 

Venturi  Assembly 

PI  2-8449 

Venturi  Gasket 

P12-6091 

donaldson 


installation  instructions 


Donaldson  Dust  Detector 


Air  Flow 


G«sk*t 


Switch  Housing 


Sensor  Cover 


Cable 


The  Donaldson  Dust  Detector  is  a  continuous  air  sampling 
device  for  detecting  and  signaling  dust  leaks  in  the  engine  air 
intake  system.  It  is  designed  to  be  installed  in  ducts  from  4"  to 
fO"  diameter  that  are  directly  ahead  of  the  engine  air  intake. 
Flexible  connections  should  be  used  on  each  end  of  this  duct. 

In  any  installation,  the  Dust  Detector  should  be  located  as  close 
to  the  intake  manifold  or  turbocharger  inlet  as  practicable. 

This  location  allows  the  Dust  Defector  to  monitor  all  the 
connections  and  joints  in  the  an  intake  system  between  the  Dust 
Detector  and  the  air  cleaner,  as  well  as  the  air  cleaner  itself. 
Models  are  available  with  one.  two  or  four  sensing  units  with  a 
single  signal  box  for  engines  with  single  or  multiple  air  inlets. 


Signal  Light 


Test  Button 


Decal  pictured  is  affixed  to  each  signal  box.  It  is  important  that 
operators  are  familiar  with  the  Daily  Checkout  and  Warning 
Instructions  indicated  on  this  decal. 


Complete  Kits 


Complete  Donaldson  Dust  Detector  Kits 


Donaldson  Dust  Detector 
Daily  Checkout 

Beto re  starting  engine 

Turn  on  ignition  DO  NOT  stert  engine 

—  Push  Chech  button  to  test 

—  A  light  indie*!**  *y*tem  OK 

WARNING: 

A  light  on  with  engine  running 
indicates  *  dust  leah 
Call  your  supervisor 


Single  System  24  Volt  D  C 


DDX00-425I 


DDX00  4252 


Quad  System  24  Volt  D.C. 


Service  Parts 


Service  Part 


Part  Number 


Signal  Box.  Single  System, 


Signal  Box,  Dual  System, 


Signal  Box,  Quad  System, 


For  proper  installation 
proceed  as  follows: 


Dust  Sensor  (Replace  with  each 


Air  Cleaner  Element  change) 


Cable  Assembly.  15  feet, 


Type  SJT _ 

Switch-Sensor  Housing  Assembly 


The  best  location  for  the  Donaldson  Dust  Detector  venturi  and 
switch  is  m  the  bottom  of  a  straight  duct  |ust  ahead  of  the  intuk* 
manifold  or  turbocharger  inlet  A  straight  section,  at  least  7  25  ' 
long,  is  required  for  installation.  The  minimum  duct  inside 
diameter  is  3.88”  See  Figure  t 

Bulletin  No.  P45-7649 

Rev  •  *,7» 


Switch-Sensor  Hou sing  G aske t 


PI  2 8449 


Venturi  Assembly 


Venturi  Gasket 


SFE  9  (Available  locally) 


/ 


It  it  is  necessary  to  place  the  ventuii  am) 
switch  housing  immediately  downstream 
of  a  bend  in  the  intake  duct,  the  unit 
should  be  mounted  on  the  outside  ot  the 
bend.  See  Figure  2 


Fig.  2 


3 

Five  mounting  holes  ate  required  in  the 
duct  wall  as  shown  on  template  provided. 
See  Figure  3.  Place  template  in  actual 
mounting  location  ol  the  Dust  Detector. 
Carefully  center  punch  and  dull  hole  sire 
accoiding  to  template  Remove  template. 
Clean  the  inside  of  the  duct  catefully  to 
protect  the  engine  from  damage. 


4 

Place  pressure-sensitive  gasket.  PI2  6091, 
on  venturi  after  removing  paper  backing. 
The  ventuii  is  placed  inside  the  duct  ovei 
the  five  closely  spaced  holes,  large  end 
towaid  engine  intake.  Use  a  1/4  28  x  .75  in 
bolt  in  hole  No.  4  Engage  the  internal 
nut  in  the  venturi  assembly  and  tighten 
bolt  securely  using  a  3/16"  alien  wrench, 
keeping  the  pump  in  line  with  the  othei 
holes.  The  internal  nut  is  a  deformed 
thread  locknut  and  the  bolt  will  turn 
somewhat  hard.  Maintaining  alignment 
can  be  done  by  using  a  1/4-28  x  1 .5  in. 
bolt  in  hole  No.  1  tenqrorai  ily.  NOTE  Be 
sure  to  remove  bolt  from  hole  No.  I. 

5 

Check  air  passages  in  protruding  bosses 
of  the  switch  housing.  The  air  passages 
should  be  clear  of  obstruction.  Align 
gasket  on  switch-sensor  housing  Place  the 
switch  housing  over  the  end  holes.  Nos.  1 
and  5.  large  end  toward  engine  intake.  The 
bosses  will  fit  through  the  two  closely 
spaced  holes  and  into  the  pump  assembly 
Place  the  1/4  28  x  1.5  in.  socket  head 
bolt  in  hole  No.  1  and  engage  the 
captivated  nut  in  the  pump  assembly. 

Place  the  second  1/4-28  x  1.5  in.  socket 
head  bolt  in  hole  No.  5  and  engage  the 
second  captivated  nut.  Pull  both  tight. 

Make  certain  the  P12  6088  Rubber  Dust 
Sensor  is  installed  and  the  service  cover 
latched. 


6 

The  1/4  28x  1  b  in  and. 75  in.  long 
bolts  supplied  with  the  kits  are  for  use 
with  ducts  up  to  .  10  inches  thick.  Use 
1/4  28  x  1.75  in.  and  10  in.  bolts  (nut 
supplied)  for  ducts  horn  .10  in.  to  .35  in. 
thick 

7 

Connect  cable  to  switch  housing  receptacle 
Houtw  and  secure  cable  along  frame 
members  etc.  into  cab.  CAUTION:  Avoid 
exhaust  pipes  end  ocher  heet  sources. 

8 

Mount  signal  box  in  an  available  location 
in  the  cab,  visible  to  opeiator  (Figure  41. 
The  signal  box  cover  should  be  removed 
from  the  signal  box  prior  to  mounting 
Heads  of  mounting  bolts  must  be  inside  the 
box  to  avoid  inteiference  with  internal 
components.  Reassemble  signal  box.  The 
trailed  leads  from  the  signal  box  come  with 
butt  end  connectors  assembled  to  them 
Place  the  cable  wires  in  pairs  in  the 
eonnectois  and  crimp  tightly.  Connect 
wires— black  to  black  and  white  to  white. 
The  signal  box  housing  must  be  grounded 
either  by  mounting  bolts  or  by  adding  an 
additional  grounding  wire.  NOTE  When 
installing  dual  or  quad  systems,  connect 
paired  leads  as  indicated  on  the  marking 

9 

Connect  the  power  lead  with  the  fuse  as 
close  as  possible  to  any  terminal  on  the 
vehicle  electrical  system  that  is  energrted 
when  the  engine  is  running,  and  dead  when 
the  engine  is  stopped  -such  as  the 
accessory  side  of  the  accessory  switch 
Proceed  to  Installation  Checkout. 
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Installation  Checkout 


Before  your  Donaldson  Dust  Detector  is 
put  into  service,  please  check  these  points 

V  Turnon  accessory  circuit  that  poweis 
the  Dust  Detector  system 


2.  Push  test  button  on  front  of  signal  box. 
The  signal  light(s)  should  come  on  and 
remain  on  until  the  test  button  is  released 
If  so,  your  system  is  operational 

3.  No  light— If  the  light  does  not  come  on. 
proceed  to  No  3  of  the  Trouble  Shooting 
Guide.  After  correcting  the  problem, 
repeat  No  2. 


4.  If  light  is  on  without  pushing  the  test 
button,  pioceed  to  No  2  of  the  Trouble 
Shooting  Guide.  After  correcting  the 
problem,  repeat  No  2. 


Trouble  Shooting  Guide 


Symptom 


Remedy 


H  Light  comes  on  with  engine 
■  at  high  idle  or  full  load  and 
goes  off  with  engine  stopped 
and  circuit  energized. 


Visually  check  the  intake  system  for  damage,  bent  an  cleaner, 
broken  or  damaged  pipes,  split  or  loose  hose  connections,  etc. 
If  the  leason  for  dust  entry  is  not  determined  by  these  checks, 
it  will  be  necessary  to  disassemble  the  air  intake  system  anil 
visually  check  for  leaks  from  the  clean  air  side  of  the  element 
back  to  the  turbocharger  or  engine  inlet. 

Because  most  leaks  found  by  this  device  are  small  in  sire,  it  is 
imperative  to  check  the  inlet  components  with  extreme  caie 
Most  of  the  time  dust  streaks  will  indicate  the  point  of  entry. 
After  the  cause  of  the  leak  is  found  and  corrected,  the  entire 
intake  system  must  be  caiefully  cleaner!  to  remove  any  residual 
dust  that  could  cause  an  additional  leak  indication  by  the  Dust 
Detector. 

Install  a  new  dust  sensor. 


2  Light  comes  on  with  system 
energized  but  engine  not 
running.  Note:  The  Donaldson 
Dust  Detector  utilizes  a 
normally  closed  circuit  as  a 
fail  safe  feature.  Any  break  in 
the  circuit  will  cause  the  light 
to  come  on  when  the  system 
is  energired. 


a.  Dust  sensor  not  in  socket  a.  Push  sensor  in  firmly 

b.  Cover  not  closed  and  b.  Close  and  latch  cover 


b.  Cover  not  closed  and 
latched 

c.  Disconnected  cable, 
broken  cable  or  connectors, 
defective  switch  housing, 
defective  light  box. 


Approx  1)S" 


Approx  3/8" 


c.  Check  to  see  that  cable  is  connected  at  switch  housing.  II  the 
light  is  on  and  the  cable  appears  to  be  correctly  instailed-to 
determine  the  problem  area,  disconnect  cable  at  the  switch 
housing.  Insert  a  U  shaped  connector  in  the  two  holes  in  the 
plug  end  of  the  cable  as  shown  in  Figure  b 
With  the  cable  shorted  in  this  manner,  a  light  out  indicates  a 
defective  switch  housing.  Replace  switch  housing 
If  the  light  remains  on  with  the  cable  shorted,  the  problem  is  a 
detective  cable  or  light  box.  Cut  the  cable  at  the  light  box  side  o' 
the  butt  connectors.  Short  the  leads  together  If  the  I  ght  goes 
out,  the  cable  ts  defective  Replace  the  defective  cable  If  the 
light  remains  on.  the  light  box  is  defective  Replace  light  box. 


^Light  on  at  idle,  but  goes  out 
•at  high  idle  or  lull  load. 


c.  Defective  light  or  resistor  c.  Replace  signal  box 


a.  Faulty  switch  housing 


a.  Replace  switch  housing 


B-6 


Fig.  5 


3  Light  does  not  come  on  when 
test  button  is  pushed. 


a.  Check  and  correct  power  at  fused  lead  connection,  fuse  in 
fusehohfer  or  broken  power  lead  wire  Signal  Box  not  grounded 

b.  Check  and  repair  wiring  in  signal  box 


18  or  16  yxugx  aolld  wire 


b.  Bad  connection  in  box 


a.  No  power  to  Dust 
Detector 


i 


i 
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Donaldson  Dust  Detector  Service  Instructions 


donaldson 
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Mailing  Address 
Pot  IMP 

Minneapolis,  Minnesota  3S440 


SWITCH  HOUSING 


PI  2  6088 
DUST  SENSOR 


DUST  SENSOR  COVER 


Donaldson  Company.  Inc 
1  <00  Waal  gam  Street 
Mmnoapclia.  Minnesota 


The  Donaldson  Dust  Detector  is  energised  at  all  times  during 
cngi ■'*  operation.  IT  IS  MANDATOR  Y  THAT  THE  DUST 
SENoOR  PART  NO.  PI 2  6088  BE  REPLACED  AT  EACH 
ELEMENT  CHANCE. 


To  replace  the  PI 2-6088  Dust  Sensor; 

1.  Shut  engine  off. 


2.  Remove  accumulated  dust  on  and  around  the  outside  of  the 
dust  sensor  cover  before  opening. 


3.  Withdraw  the  dust  sensor  by  pulling  and  twisting  slightly 
being  careful  not  to  spill  any  dirt  into  the  receptacle. 


4.  Install  a  new  sensor  by  pushing  firmly  until  it  reaches  the 
bottom  of  the  receptacle.  Close  and  latch  cover.  NOTE:  The 
sensor  will  not  allow  the  cover  to  close  completely  unless  it  is 
properly  seated. 


Complete  Kits 


Complete  Donaldson  Dust  Detector  Kits _ 

DDX00  425I _  Single  System  24  Volt  i)  C. 

DP  X00-4252 _ ” _ Dual  System  24  Volt  D  C, 

DDX00  4254  Quad  System  24  Volt  D  C. 


Service  Parts 


Be  sure  to  check  your  system: 

a.  Turn  on  accessory  circuit  that  powers  the  Dust  Detector 
system. 

b.  Push  test  button  on  front  of  signal  box.  The  signal  light 
should  come  on  and  remain  on  until  the  test  button  is 
released.  If  so,  your  system  is  operational. 

If  light  remains  on  refer  to  trouble  shooting  guide 


Service  Part 

Signal  box.  Single  System, 

24  Volt  O.C. _ t _ 

Signal  Box,  Dual  System. 

24  Volt  O.C. _ 

Signal  Box.  Quad  System, 

24  Volt  D.C.  _ 

Oust  Sensor  (Replace  with  each 
Air  Cleaner  Element  change) 
Cable  Assembly,  lb  Icet, 

Type  SJT _ _ 

Switch  Sensor  Housing  Assembly 
Switch -Sensor  Housing  Gasket 
Venturi  Assembly 
Venturi  Gasket 
Fuse 


Part  Number 

PI.’  60S 2 
PI 2  6084  ‘ 
PI?  6085 

Pi'2608f  “ 
“PTT60B6~ 


ftiSSoai _ “ 

Sll  9  I  Available  locally) 


S. 


6. 


Ooeratina  Manual 


ui*:*-: 
to  03  <5 
,ZQ? 
O£co 
°cx 


6?2'734  12!>0  TELEX  290  43? 


THIS  PiZl  II  Bi’oT  QUALITY  hAA^TivAA** 


I 


Q) 

(3 

a 


0) 

£ 

Q>  CD 

S  c 

Q)S  2 

2S? 

CO  <D  ~ 


2 


O 

c 

o 

T3 

a 

D 

T/> 

o 

If 

Q)  O 

|  x 

|o 

0)  to 
«  - 
to  s 

CO 
V-  u 

8.s 

ig 

5§ 

CNJ  _J 


| 

E 

a> 


c  O 
<D  (/) 
£  ® 
o  E 

LL  Q> 


> 

CO 

o 

o 

t/> 

c 


S  a:  a 

a>-J  « 

£?  3 


c  „  ^ 

s 

!o£“ 

0> 

to  u_  o 

25,5 

■o  ^  -6 
§E  8 
|2g 

1*8 

!2  E  Si 

UJ  03  .2 
u*  o 
<  5?  to 
CO  o  ^ 
UJ  w  c 
CO  CO  O 

z>  g>E 

J  g'  3 

*51 

co  o  9 


85 


O 

8 

£ 

k- 

Q. 

03 


^  ° 
C  5  Q 
£ 

°m  13 

i:  w  Q 

0)  30) 
a  o  c 

E  «  g 

SfS 

c  "3  o 

"«TJ 

is  1  § 
o  o  ^ 


c 

<5 

525 

I»g 

O  =  S 

^  <D  -* 
°£  C 
(D  •“  03 

>-  t/>  c_ 

2JU 

M  O  >• 
®  ro  <D 

fc  c  5 


T3 

C 

to 

|* 

1 1 

t/3  ^ 

03  a> 

T3  a) 

a  g 
o  o 
5)  x: 


H  C 


CO  CO 


-■£  03 
03  c 

eI 

O)  >* 

9  S 

<s  ^ 

o,  *- 
£  0) 
SI 


j9>  >• 


■O  Ol  & 
SCO 
JO  P  O 

oh  c 
a  to  a> 
to  -o 

.  ■  k_ 

-  —  03 
/  O 


Q> 


$£  S 


£  •£ 


—  Q> 
to  "D 

a  ' 


$ 

•o  p 
0)  CL 
m2 
E  < 

E  w  _ 

to  2  to  ro 

*  —  ~  c 

s 

E  ■a> 

c2 

U  o 
to  °  C 

a,  cn  ^ 
a  E  = 


w  c; 

.>>  a> 

■d  £  a> 
®  -}  h: 

o>d  ™ 

®  tO  £ 
^  c:  to 

to  o>  ro 
-  -  10  2  c 
c  <o  to  ^  o 

SE  |iii8S 
m  3!  2? 
><«?&£ 


c  c 

o  CT3 
o  c 


LU 
CD  c:  . 
3  $ 


TT  in  2  CO  TD  » 


03 

CD 


to  J±?  <D 


£  (3 
9  a> 


o> 


03 

CD  o 
co  cd  ^r: 
a>  >  -n  — 
£^8  ° 

o  75  «  ° 

-  2  M  r 
f~  tz  o  m 

rox,  o  &  <S 

«5  a,  a  g 
c  a>  _  ~  5 
o  <=  q  c  P 
o  «  g  Q) 
y  .c  ro  a, 


o 


c  h=i-  3S  75 

s  s  »  y  ^  5 
:f  8^21 

,  -O  ^a£  -o 
:  ©  *0  00  c  “ 

iiS  8  og| 

■  j"  -n  s  E  o> 

jOjgal 

ta  rj  p  > 

>  h=  a>  E  - 

)  ^  c  c  U)  Jt 

>  a  a,  —  o 


i  h“  (D 

5  2^  E 

7=  £  o  to 

Q>  Q,  <»  ^  0> 

£  I 32£ 5 

isilfl 
c  0.2*  <»  3 
o  ^  tp  o  a? 

|  ®  8  S  £ 

I®  g®  8 

§  l-S  gi 

<s> 


y  e  c  o  ®  § 

1  "tx  03  ~  v-  >  ^ 
o  °  £  o  ^  to 
«  tn  >  ©T3  c 

a  -=  c  q  -o  to 


*o 
c 
® 

E 
E 

o  _ 

OOv  — 

2  O  a  o,  ^ 

—  to  a,  2  ®  _ 

o  ^-x:  -c  NT) 

°Ii£Si 

5=Ss;§ 

W  w-  O  UJ  W  c 

3  -  -o  CD  S 
8t  |<o  S  6 
g  g  £  S  y  & 

75  °  y  ct  *-  -o 

°  »  O  r,  T)  ffl 

■-  c  y  E  ®  c  to 

25S8|?5 

o  5?  P  o  ®  2  q 


i 


-L 


TESTING 


■M’ 


CD  £  ? 

o  § 

w  li 

TO  CD  TO 


£  O 

g  ro 
>  2 
cn 

c 

3  <n 

£  S 

TD  03 

%i 

li 

o  03 

£  « 
p£ 

$  g> 

03  E  r-js 
TO  T}  2 

h,  03  - 

y  q  y) 
C  s-  CT3 
0) 


0) 

O  : 
C  X3 

9?  q 

to  £ 
o  w 
5  03 


c 

$ 

c/3  o 


0>  c 

8\i 

2  g 

M  ^ 


00 


w 


to  CD 
05  ’S 

C  TO 

o-w 
c  ro 
£  o 

CD  « 

S>  P 


u 


£  <“ 
95c 
- 

■O  O  TO 
CD  Q)  =1 
£  p  -O 
“  t  TO 
CO  TO 
TO  CO  03 


TO 

1e 

C/3  o 
LU  X3 
LL_  0) 
^  TO 

°?  o3 

UJ  tl 
CD  O 

—I  -C 

cn  $ 


Q>  c 

c  $  O 
3  -O 

T3«0) 

^  —  CO 

C°B 
^■0-0 
>*  TO  c/3 

05  £  p 

O  jfl  to 

O  £  3 
C/3  £  TO 

.?  S.E 

-  w  O 
3  (-  CO 

E  cd  g 

■D  -D  ° 
cd  x; 

£  ?8 

?5£ 

I  *"8 

TO  C  -=• 

O  TO  TO 

S£§ 

P  5  10  h  r1 


P  5 

U  TO 
TO  SZ 

■o  >, 

m  C 
TO  ~ 

Ero 

tr 

ss 

tf 

c  t 
TO  ^ 
>s  TO 

2  o 

TO  M 

l.e 

2  O 

■o  2 

c  ,2 
03  DC 

TO  TO 
C  -C 

££ 


C  __ 
TO  o 
O  TO 
O  TO 


s  N  }:  C 
C 

o 


■o? 

XI  TO 

lf^ 

>.p  ^ 


c 

g  - 

If 

O  ^ 

TO  to 
C  Q> 

g£ 
$  O 
o  c 


TO 


O  TO 


TO  TO 
6  £ 

a  £ 
to 

TO 

O)  g> 

5  w 

TO  v 
£  TO 


-  TO  ^3 

Sg-s? 

C  O  C/3 
TO  >,  jC 

co  re 
»-  g  to 
£  a  £ 


o  c 

cn  v. 

■gS 

03  tr 


a  — 
o  o 


o  o 
c  a- 

03  TO 

o>£ 

II 

O  SZ 
=  CO 

1 9  >» 

*—  03 

CD  E 


O 
03 
TO 
2£  sz 

CO  — 

TO  O 

TO  .0? 

is 

* —  Z3 
Q?  £ 

co”  03 
2  co 
E  .co 

O  SZ 

o  f— 

CO  ^  _ ; 

“■C  5 


?! 

O  TO 

|5  TO 
co 

TO  D 
O  O 

£  ° 
TO 

C  O 
TO 
c  <2 

03  03 

E  c 


W-  03  . 

C  5 
TO  m  TO 
££  C 
t!  —  TO 
O  O  SZ 


^2 
TO  as 

^  v_ 

cn  o 
TO  co 
--  C 
3  TO 
CJ  CO 
TO  03 

LU  ~ 

<  ° 
CO  g 

UJ  c 
CD  03 
3  TO 
-I  O 


■o 

o  S 

•O  E 

TO  5 

9-E 

$  u. 

TO  ° 

-Q  TD 
■n  TO 

32  a 
o  o  c 
■S-o.o 

“jSl 

TO  -O 

S|1 

w  fc  a, 

c  2£ 

E  £  o 

£  CD 
2  ®£ 
«  £  u 
£S2 
CD  3  O 


s 


8  g 

o  co 

TO  -O 

>.  TO  -C  a;  TO 

a  E^££ 

S£  o 


r=  Q-  C  >  T3 

E  TO  g  >  c 
>  Q  2  f  CD 
CD  TO  O  TO  ^ 

®  S  » 

•-  w  *£  §  s 

III  l.  ^  u  cn 

U-  TO  to  TO  O 

E  “£  Q 


■*-»  v,  TO  »— 
3  QflJ*. 

-)0  E  a  E? 

w  a?  - 

o  ^"o  E 

r~  TO  O  D 
C  ZZ  03  CO 

°  S  =- 

-Q  a) 


03 


sz  o 

-C  TO 
C  CD  JD 

O  .  03 

1-0^35 

=  ?p 

Q.  E  CO 

C/3  O  CO 
^  Q. 


03 

oi®  ^5  2 

u)  X)  £  £•  <0 

g.a  E  o 

g  03  TO  -Q  to  TO 
CO  g  g  £3  £ 
TO  —  0  D1  03 
XT  -C  O  -TO  TO 
I —  TO  J ^  ^  TO 
~  C 


Ui 

o 

> 

cc 

Ui 

CO 

Q 

5 

> 

H 

z 

< 


TO 

co 

TO  >, 

X3  x:  V- 

C  o  o 

«  3  O 

SS  as 

c  o  2 

TO  -^r  tr 

6  03  03 

^p 

£  E  ® 

CO  O  c 

O  —  O 
to 

-g  TO  5> 

to 
c 

03 


O  03 
•h:  C 


5  m 


C  -S 


S^O  * 

7-,  T3  LU 
£•§< 
£  £  w 
t 

£  2  00 
to  1 

~  .9-  c 
uix:  o 

U-  to 

<  £ 

CO  ™ 


c  <J> 

.y 


^  8 


CD 


<  ^  O- 

S  j?< 


CD 


z 

o 

s 

DC 

o 

u. 

z 

-J 

< 

o 

z 

x 

o 

UJ 

l- 


o 

to  (D 
<D  £ 

i” 

±* 
2  TD 

TO  03 

2  TO 
C 
.  .  3 
TO  O 
TO  O 

.T  C 

Uj.  TO 
CO 

<1 

w’  C 

SE 
5  2 

>  c 
*_r  O 
O  O 
O  *- 
00  © 

§  6 
U.  TO 


TD 


03 


CP 

O 

JO 

"cP 

TO 

TO 

£ 

C 

o 

03 

c 

TD 

C 

TO 

a 

TO 

T3 


tf  ^ 

TO 

D  _E 
to  6 

03 

TD  TO 
3  O 
CO  TD 
C 

CM  05 


E 

TO 

c  to 
TO  >* 
CO  co 

S  03 

Q-.E 

?  8 


TO 
CO 
TO  CO 
-O  TO 
d  O 
O  £ 

^<2 

&2 
-  p 

co  . 

<3  ® 

°  p  oj 
^  TO  JD 
CO  ui  ™ 
c  £  « 

p  £  p 

o<  O) 
a  v_'  E 
a;  to  to 

o5p 
E5^ 
g  m 

t  -  p 
w"  *~ 
p  c  2? 

CD  03  03 
C  E  TO 

|£| 

o  iS  o 

co  o  O 


TO 

C 

g  >. 

g  TO 
O  .TO 
TO  "g 
E  g 

TD  E 

£  E 

TO  i 
£  O) 
to  a 

CO  - 

TO  O 
TO 

CO  O 
TO  *- 

TO  03 
•*—  u 
TO  Q> 
N 


Si- 

TO 


O 
TO  TO 


2  g  < 

c  ^  ( 

E  TO  { 

CO  ID  j 
TO  _>»  .< 

TO  m  * 
co  2  c 
g  TO  t 
03  c 
TO  QJ 
=  03 
$  = 

$ 


TO 

£  O 
TO  o 


c  O 
.2  c 
o  ^ 

CO  O 
TO  TD 


CO  ^ 

5  C 

03  TO 

£  to 

cS 

p  ° 
3  TO 

gr 

C  TO 


SZ  TD 

*-  o  ™ 


o 

c 

TO 

>*£ 

10  n 

03  TO 

S  c 
TO  9 
TO  g 

>  O 

>  a 
~  o 
to  o 

03  TO. 

TO  5T  c 


C 

TO  ^ 
”§ 


O 

TO 


—  O 


c  c 
<  TO 
TD.W 
C  CO 

8  & 

TO  ^ 

to^h 

^  TD 


XI 
03 

TO  ^ 

s  > 

O  TO 

2  o 

CO  Jr 
Q3  O 

>  g 
O  c 
p:  TO 

t  co 

-  TO 
CO  sz 
03  — 

*1 
_  c  o 

iD  03  03  -Q 


TO 
C 
O 
_  a 

0)  TO 
co  xr 
to  — 

TO  D 
-C  O 
)-  xr 


TO 
CO  JZ 

SE 

p  2 

CO  f- 
TO  ^ 

>co 

Q3  TO 

S2 

o  p 

°§ 

111 
o  ts  Q 
c 


c 

o 

to 

c  . 


-  TT  TO 


2=5 


03  5 
TO  S 


TO  TD 
2  (0 
O  CO 
CO  03 
03  CO 

C3  5 

o“ 

o  ™ 
TO  2 

TO  g 
TOO 

^  O 


TO  g 

■£  o) 

CO  g 

o  g 

S'5 

TO  g 

2  S' 
f  8 

ro  ,y 

C  ^ 
P  ° 

5  2 

2  TO 

o'0 

TO  .£ 

03  O 
£  TO 

o  TO 

CP  03 

xr  sz 


TO 

TO  *5  TO 
^  co  a 

ili 

T5  £  p 

-  I£h 

o  E  c  £ 

Q  p  p 
C 

o 


TO 

E 

o 

u 


CD 

go 
_  -  a 

—  o  tz  c 

I  111 

f 


TO  C 

o  o 

03  r 


c 

TO 

O 

c 

o 

“  % 

e  8 
03  v- 
03  C\3 
Cl  CO 
^  < 


CO 

TO 


•?  r  P  = 


TO  i-  v_ 
-D  q  2l'  TO 

to  ;;  ~  to 
xr  to  c  co 

I —  ego 

C  g  TO 

0?  *v,  o 


c 

TO 

xr 

$ 

TO 

n 

p 

ZJ 

o 

$ 

TO 

C 

o 

TO  2 

a  2 

CO 

o  g 

03  O 

2p 

p  p 

I  s 

*W  >N 

|l 

E  co 

a  g 

O  03 
0)  £ 
iEl 

-O  o 


c 

2 
to 
TO  § 
2  o 
2  2 
o  o 

—  TO 
TO  o 
o  2 

C  TD 
TO  Q3 


O  __ 
P  C 
o  p 

M  W 

P  nj 
C  P 

.9  o 

CD  .9 

II 

c  E? 

O  CD 
°  T3 
P  P 
£  O 

O  g 
!S  x 
o  ® 


TO  r- 

-I 

o  c 


TO 


DISTRIBUTION  LIST 


1.  Project  Manager,  M60  Tanka 
Attn:  DRCPM-M60-E 
Warren,  MI  48090 


2.  Product  Manager,  Ml  13 
Warren,  MI  48090 


3.  HQ,  DA  (DALO-SML) 
Washington,  DC  20314 


4.  Commander 
F0RSC0M 

Ft.  McPherson,  GA  30330 
(AFLG-REG) 


1 

.nil— 


5.  Commander 
MERADCOM 

Ft.  Belvolr,  VA  22060 
(DRDME-GL) 

6.  Commander 
DARCOM 

Alexandria,  VA  22333 
(DRCMM-MS) 

7.  Commander 
MRSA 

Lexington,  KY  40511 
(DRXMD-MS) 

8.  Col  Grear,  DIO 

Ft.  Hood,  TX  76546 

9.  Commander,  TARADCOM 
Attn:  DRDTA-RGE 
Warren,  MI  48090 


Report  MED 106 
Oct/ 79 


